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Multi-reservoir ecological operation based on graph theory in the Hanjiang River Basin // LI Zejun'*7*  ZHAO
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Abstract: The objective ecological flows in vital controlled sections in main stream and tributaries of the Hanjiang River
Basin are calculated with hydrological methods. Based on graph theory, the river network graph model of the Hanjiang
River Basin was constructed according to the characteristics of the river system, the distribution of important water
conservancy projects and control sections. Flow at each node of the river network was determined by carrying out water
balance calculation of river network, which takes interval flow, water intake and water diversion as well as water regulation
effect of multi-reservoir system into account. By calculating the natural ecological base flow of the sections where reservoir
dams are sited, the conventional reservoir operation rules coupling the requirements of minimum ecological discharge are put
forward. Referring to the idea of aggregation and decomposition of a large-scale system, the idea of iterative optimization of
river network model of the Hanjiang River Basin is put forward. The secured ecological flow level under conventional
regulation is evaluated with the flow processes in typical years. On this basis, optimal operations are conducted and the
potential of secured ecological operation on multi-reservoir in the basin. The results show that reservoir conventional
operation scheme coupled with the minimum discharge requirements can basically secure the ecological flow demand at the
control sections with various flow processes, under the condition of independent operation in reservoirs. Reservoirs in the
Hanjiang River Basin can meet the ecological flow demand at the control sections through optimal joint operation. Carrying
out multi-reservoir ecological operation based on graph theory is feasible and practical.
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Table 1 The ecological base flow at main control sections
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Table 2 Basic information of river nodes
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Fig.2 Basic functions of the river nodes and edges

LT A5 AN R B K 5 SR B S, TR T
R T R 2 AT B T B R
FK TG RIATAEL, 5 SR A I AR SE it
i 17 GE T T s, i 5 VT BEK B R R K ¥
FHAK TR R AE L) A X N B, i 2.(d) B,
RV T 5 4 2 ANTEE v 55 ory, Hor il B
r AW RE K PR o B BEOK B R R R K &4 5 W
5 W, W B r, 1A — K ¢ B BOK AT R F K
J W, A7 BFBCR U B K TG K o W, T B
r 5 r, KT SR vl 4% 5

MR8 5 YT 0 dml ] I A AAE 7K ) T A g ol s o 1
SIAIE O,  AMEALTE 8 T R 42 AT A 41 AT
Be 12 AD/KPETHE 3 A Wi 10 A HEfk el Ah
BUK T AR S5 A 85 k5 | 8 /K T8 45 3 [m] 20 B 1Y) 5
YL TR] o AR an & 3 B
3.3 KEBAEEMAR

B YT ol A 25 0 B A AR LA 3 3 PN A = R e R
IR RIRK AL A 8 B Xk 42 3 3k T i /K o B A 7
J&  FEARBEIATE S KRN S R 7K 75 R S 6 2 i)
T IR O 3 45 Wi e /N E S

(v - (W, +W,) W, 2 3 S B B T R K R REIRE A R B 1 M
! W AW W, 3) JE AR SCHE AR A B /N AR 2 T T I SR Y K R R

Wi Wy BRI EERL el Ui Sal 4 ol 0BT T 2 24 0 i A e
Ve =% s waw,

b, BE T W B3 K P B R IR SR K S UK i &

Bk
K
HEANSE
Vig \ : €29 t’;; V) s
o SO ©
KA
2 21
PRVANE SIS
P11 P . S
L ’ ’.? 17\' (IR ,
4 KK o AT e n
A\ PRKE o A SmmmTe— ) - AF KE
A KRS o pws  HIRTETT |, SR
K il o AT ol )
o JEANEUK O A TN FIHEL .
— Ik o K o | Tﬁrﬁ%lﬁi&
— ENE R o s

B3 EIHiEiap E R
Fig.3 The river network graph model of the Hanjiang River Basin

- 112 -



BT, THARK DUk T A T 1T 7 SR AR AR, 4
IR fe/INAE ST i 3t R, AT S B /K J2E A g e
FI B VR E R 32 A7 A B AT e AR R R Vi

KPR RE I A D0 Ak ] 3 )2 A ok 7K 2% AN I B
91, 38 2 7K 2 R B L TG 1R PR BRI i e A K
FN[TE N A ST KB LT R g, ink -
WK T it DR MUK oK

R T DPA R e RO X 3 A o D o A 2SO
RGO, R FHER LI K AF (P =50% ) i
WiAE (P =75% ) Hi7KAE (P =90% ) HFFHi4E (P =
95% )4 NHARVAEZAF T B RIRAR L R | 3 T 4k
T o PRSI 77K S T A8 DT R 9 T 38K 3
BEA SR RS T
3.3.1 FHUAEAEM

IR ] ABSADL IR MR 45 7K 2 R ) A )
FR /N ZS T I B B R AT /K S T e
Saf 7T o) P A AR 1) R ity b SR FH AR T B0 25 5 A A5 UL
2, R VS i Ty 5332 328 47 T0] I 7K £ 3 9 FK
HEIC G R BT T 15 20 K 2R B RO B RS A 35
PSRN BE T A5 K T e i AR R A R A
FLEE FEVTA AN [ A AN T 2 o W 1T ) A 24 0 o
B L

AR SR PR A5 /N 25T T3 R i R KR T
FEXF T U] T A 25 P05 14 5 T, A T 3 4 30T AR
ARZS BI7K SCHRAE T SR K R T AR 78 3 47 30 Tal 4 5
Tk BN T 2 R O K AR AL AR
LK IR 20 N3 K 7 P 25 280N R AN %
P B/ NVERS TR R EOR N AR A7
T LW T, N ATTHE

K QAT 90% S AK I R S54RI 7K B o
M A A VR K PR/ NS i i, o
FRAEME 2538 AK K 4 B RAUKIER/NEST
W = A9 55.0 m*/s. 1.9 m*/s. 4.3 m’/s Fl
15.1 m*/s; WUE JRUR RUEL 3 8 Hh B8 K 2 e /NAE S
TH RS 8.2 m’ /s 0.3 m’ /s Fl1.2 m3/s;%
BB K R 20 /NS T A 117 m/s,
3.3.2  KEBBRARACIE AL

IR PEREA AL I8 B 2 AR 40 5 FL U B2 o T 4R
T T R AT A A IR O, S5 A
VEBE WK B B K A b B FE S B A5 P R 4
PEEME BT A K T ik gt &l 7 7 AR S
DITRTEa N 1 R 5= A B 1 I 8 = G T
HEF

a. HbreR%, DIESHBEMIER R e KN H
b R A T RN IR D 2000, b ik AN Ak 94 B

Fbresig, HAReR & 2o

T

f = max{R! = max{ o sD (4)

T
D :max{l_g‘} (0,<0,) (5)

. T O I B R BG Q, 00 ¢ I W R 4 0,
AR Bs; 2,8 Z3kRAE R, S Q, > Q,, I,
Z, =1;/MzZz =0,

b. AR, AHEKE AR ERLR
TR KO- PEZR IR 2R

Wj,t+l = EVj,[ + (Ql,j,[ - QR,j,[)At (6>
I/Vj,min g ['Vj,t = Wf,max (7)
QR,j,min g QR,],I S QR,j,max (8)
ZJ'J :f(w/jt> (9)

Kb W, , W, SRR jERTBE ¢ BTG R E K
5 Qs Oy SPIRIKEE jHERTBE ¢ B A | H
TR W, W SRR P R PEZS T RR 1 BR
(5 Qi Qo 75 B RK R j 1 S/ NAE 2SR T3
i MK N MBE I 20 7, oK R j e B o K
DL (W, ) TR KRN SRR KR

c. TRALSKAE . R A B o i [ 33k
18 VA 3392 ok S BRRIR A 389 5 AR R K
et SRR Aot 300 3 4 A R R 2 2 o T TR S O R AR
5 LA TR 3K P B KRS B, 3 I 3k AR A Ak
JE T Mk A DA v W T A A AR R IRk oR
AL IR AN 4 B

4 HR5HH

4.1 KEBHEWAE

23 B T AR LR K 5T, K
PRI R EE LS SR, RN A T KRB WG it 45
HEFFXTE . T LAE AR AR K T & E Wi
AR IR UE R S, FERR A AR AT A 96% , {H i
RBEIRRBEATTE T 20% ;380 22 W 18 A AE AR Al A7 25 1
A A B A AT R R R 4, A S R UE R
86% , i RGN PE I 42% ; 11 R 1L 0B T 76 i A 45
BTG B — A S B R B4, 2 3 Wi
T AR S R B f ™ W T A T R AR A
oo/ VST T I B SR K JE E  B R AR AL, T
DI R0 18 1 AR 2 T T A 2 i DR B R B, L
rF R 22 T T A ST R ARIE R R 86 % R & 97 % 1
I KRRt 42% TN FE2E 25% ., SR, A LU T TvT
P R B 2% A AT T I A A 7 B ) A A T AR
MG AR IR T 2 A, e KBEIR IRBE fak
50% .

<113 -



b T k5 7R

[wimesanin | - [k |

| goitmeirtsts | [ srmcibi s |

IKIEEE KT
KW kK
=

BBl

RONEINAS = [F BR20% IR
EHRT20% TREERIKHMK

A
FEESIR I BB ok ‘_EI
/NI AR VR AT AN K SE T IR

SEHRIER

AR IR100%8%
Toit—4e

4 fRUKMBRE
Fig.4 The flow chart of the optimization method
4.2 KERRULEE
BRI IR PRI 5 DU A8 B2 25 50 R TE A
[Fi) B ARYAE R K ST B L8R <2 i A A O
PR UERIT AT 5 & 100% (£3) &5 FIE 6 Lif
IKAEFRFREAE A Bl s 1 KSR UL et o R FIK 8 8] 2

KR —— WA —— Ak

200

G 1 1 ]
1983-10-01  1983-12-01 1984-02-01 1984-04-01
Ff ]

(a) V2 HTAD
400~
~3001- ﬁ
5200%\,[\
= .
= 100- T A
________________________________ A5 RN
O 1 1 J
1983-10-01  1983-12-01 1984-02-01 1984-04-01
]
(b) LTI
500
400 *
é 3001 i\
= 200 ! \
0o M T e
0 ) 1 ) - o J
1983-10-01  1983-12-01 1984-02-01 1984-04-01
s i)
(c) &AW

E5 MKERGIHERELRE
Fig.5 The flow process at control sections in the
typical dry years
ROR, BT SRT R OK 128 A L 2 O o 2% 42 ol W v 2
SRS, TR KA R R AR 1L A 22
W T S A AR AR S i R AR (EL i i B B AL £
B AR R 3 AR KB K B T R, AT DAL fR

x3 ARHBEKREFERESER

Table 3 Reservoir operation results in the typical years
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